One of the leading issue in high-T C superconductors is the origin of the pseudogap phase in underdoped cuprates. Using polarized elastic neutron diffraction, we identify a novel magnetic order in the YBa 2 Cu 3 O 6+x system. To date, it is the first direct evidence of an hidden order parameter characterizing the pseudogap phase in high-T C cuprates. The observed magnetic order does not break the translational symmetry.
pseudogap is maximum which indicates a time reversal breaking symmetry in the pseudogap state [24] . Among the CC phases [11, 12] , the hidden order parameter proposed to describe the ARPES dichroism is compatible only with the CC phase having 2 current loops per CuO 2 unit cell (phase Θ II ) [12] .
We have performed polarized elastic neutron scattering experiments to test the orbital moments of this CC state, phase Θ II , which actually had never been attempted before. As a matter of fact, Bragg magnetic peaks characteristic (see Fig. 1 ) of the two CC states proposed by Simon and Varma [12] typically differ by 45
• : main Bragg peaks like Q = (11L)
are expected for the state Θ I and like Q = (10L) [≡ (01L)] for the state Θ II . The previous unsuccessful polarized neutron diffraction experiments [22, 23] have focused on Bragg peaks along the diagonal direction, like Q = (11L), characteristic of CC phase with 4 current loops per unit cell [11, 12] . We report the first signature of a novel hidden magnetic order in the YBa 2 Cu 3 O 6+x (YBCO) system in the pseudogap phase in high-T C cuprates. The magnetic scattering is basically consistent with the moments expected in the circulating current theory of the pseudogap state [11] , specifically with the CC phase with two current loops per CuO 2 unit-cell [12] .
All the polarized neutron diffraction measurements were collected on the 4F1 tripleaxis spectrometer at the Laboratoire Léon Brillouin (LLB), Saclay (France). Our polarized neutron diffraction setup is similar to that originally described in [25] with a polarized incident neutron with at E i = 14.7 meV obtained with a polarizing mirror (bender) and with an Heusler analyser (see also ref. [19, 22] in the context of high-T C cuprates). The direction of the neutron spin polarization, P, at the sample position is selected by a small guide field H of the order of 10 G. Using that configuration, we then monitor at each measured point the neutron scattering intensity in the spin-flip (SF) channel, where the magnetic intensity, ∝ M 2 (M is the magnetic moment), is expected, and the non-spin-flip (NSF) channel measuring the nuclear Bragg scattering. To have similar counting statistics on both SF and NSF, we count the SF channel systematically 20 times longer than the NSF.
We define the normalized spin-flip intensity as I norm = I SF /I N SF (inverse of the flipping ratio (FR)). With that setup, a typical flipping ratio, ranging between 40 and 60, is easily realized.
However, even with that high FR, the SF intensity is massively coming from the NSF nuclear We have studied 5 different samples (see Table 1 ): 4 samples in the underdoped regime and one in the overdoped regime. In Fig. 2 .a, we report the raw neutron intensity measured at Q=(011) for the spin flip (SF) channel and for the non-spin-flip (NSF) channel for an underdoped sample YBa 2 Cu 3 O 6.6 (d) (sample C). It has been obtained for a neutron polarization P//Q (see Fig. 2 .b) where the magnetic scattering is entirely spin-flip because neutron diffraction measures only magnetic components perpendicular to the scattering wavevector [25, 22, 19] . Between room temperature and a temperature T mag ≃220K, the NSF and SF intensities display the same evolution, then, for T<T mag , the NSF is essentially flat whereas the SF intensity increases noticeably at low temperature. This behaviour signals the presence of a spontaneous magnetic order below T mag on top of the nuclear Bragg peaks. In Fig. 2 .c, we represent the normalized magnetic intensity as a function of the temperature for the 4 underdoped samples and the overdoped sample. For the 4 underdoped samples, the magnetic intensity increases at low temperature below a certain temperature T mag whereas no magnetic signal is observed in the Ca-YBCO overdoped sample (sample E). Using a simple fit of the evolution of the magnetic intensity with temperature (see Fig.   2 caption), one can deduce T mag for each sample. T mag decreases with increasing doping (see table 1 ) as expected from the pseudogap behaviour.
Therefore, we observe an unusual magnetic order in a temperature and doping range which fully covers the range where the pseudogap state is observed. The deduced T mag matches the pseudogap temperature, T * , of the resistivity data in YBCO [6] We should stress that the observed magnetic order is characterized by 3D correlations with typical correlation lengths larger than 50Å. As shown in Fig. 2 .c, the typical crosssection of the magnetic order is ∼ 1-2 mbarns, i.e. ∼ 10 −4 of the strongest Bragg peaks explaining why such a magnetic order was not reported before with regular unpolarized neutron diffraction. Due to these experimental limitations, we do not perform a detailed and quantitative determination of magnetic structure for which further work is needed. However, some qualitative aspects can be briefly discussed by looking at other Bragg peaks along c * (or Q = (0, 1, L)). First, we found that the magnetic intensity is not uniformly distributed versus L meaning that the magnetic intensity is not arising from the Cu-O chains. Second, from the hierachy of the observed magnetic intensities (intensity at L=0 is larger than at L=2), the moments arrangement within a bilayer appears to be mainly parallel. Third, using the observed magnetic cross-section (Fig. 2 .c) and a weakly momentum dependent form factor, one can deduce a typical magnitude of ordered magnetic moment of M ≃ 0.05 to 0.1µ B with the moment decreasing with increasing doping in the 4 samples.
To determine the direction of these magnetic moments, we perfomed additionnal measurements where the neutron polarization was along the complementary directions, as shown in Fig. 2 .b, either the vertical direction P//z, or the P ⊥Q but still within the horizontal scattering plane. The consistency of the amplitude of the low temperature signal in the three polarizations, as shown in Fig. 2.c, Fig. 2 .d and Fig. 2 .e for sample B, further proves its magnetic origin. In the P//z configuration, only magnetic moments within the horizontal scattering plane but still perpendicular to Q are observed in SF channel [25, 22, 19] . For Q = (0, 1, 1), this means that we mostly probe the magnetic moments parallel to the c * axis. In the 4 underdoped samples, we observe a similar onset of the magnetic order below T mag as for P//Q (Fig. 2.d ). This demonstrates that the deduced magnetic moment has a Clearly, an in-plane magnetic component is not expected within the simple orbital moments picture discussed so far of currents flowing within perfectly flat CuO 2 planes. However, due to the dimpling of CuO 2 planes in YBCO, a weak in-plane moment can be produced as the effective moments at the centers of the O-Cu-O plaquettes are perpendicular to these plaquettes. Such an in-plane moment may be sufficient to describe the data in samples A, B and D but not for sample C. Within an orbital moment picture, spin degree of freedom might also play a role in producing in-plane magnetic moments, for instance, by spin-orbit coupling [27] or in relation to chiral spin states associated with flux phases [28] . Alternatively, this could imply that the observed magnetism might be due to electronic spins although no existing spin model gives the observed magnetic scattering.
In conclusion, we report a signature of an unusual magnetic order in several YBa 2 Cu 3 O 6+x samples matching the pseudogap behaviour in underdoped cuprates (Fig. 3) . Such an observation points towards the existence of an hidden order parameter for the pseudogap phase in high-T C superconductors. Importantly, this order does not break the translational symmetry of the lattice. Despite an unexpected in-plane magnetic component, the symmetry of the observed order is consistent with the proposal of orbital moments emanating from a circulating currents state [11, 12] . The white points show T mag (see table 1 ). The color map shows the quantity δR(T ) = 1 − [ρ ab (T ) − ρ ab (0)]/(αT ) deduced from the resistivity measurements in YBCO [6] : the change of colors indicates the departure from the T-linear behaviour, δR(T ) = 0 represented in blue, at high temperature. δR(T ) = 0 defines the pseudogap state. 
